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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PURPOSE: To prevent the deformation of a liquid crystal cell 
and to prevent the deterioration of a picture quality by 
constituting a supporting member of the liquid crystal cell of a 
rigid body, and inserting and fixing the liquid crystal cell 
through an elastic member between the supporting members. 
CONSTITUTION: The upper frame 3 and the lower frame 4 for 
fixing a ferroelectric liquid crystal cell 1 are constituted of a 
rigid body which is scarcely deformed against a mechanical 
external load, for instance, metallic die casting. Also, between 
the upper and the lower frames 3, 4, the liquid crystal cell 1 is 
inserted and held through a rubber member 6 and clamped 
and fixed with plural acrews 5. Subsequently, by executing 
heating, heat retaining and slow cooling, an orientation 
processing of the liquid crystal cell is executed. Accordingly, 
the liquid crystal is protected from a mechanical external load, 
and no distortion is given to the cell, therefore, the 

deterioration of the orientation is suppressed to the minimum and the deterioration of the 
picture quality can be prevented. 
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the English translation of the surrounded part by the 
red line on Japanese laid-open patent publication No. 
2-93425 

[ Embodiment ] 

Preferred embodiments of the present invention will 
be described with reference to accompanying drawings. 

Fig. 1 is a sectional view of a liquid crystal display 
device according to the first embodiment of the present 
invention and Fig. 2 is a perspective view of the liquid 
crystal display device of Fig. 1. In Figs. 1 and 2, there 
is shown a liquid crystal cell 1 for displaying an image, 
a circuit substrate 2 for driving the liquid crystal cell 
1, an upper frame 3 having sufficient heat capacity and 
rigidity for fixing the liquid crystal cell 1, a lower 
frame 4 having sufficient heat capacity and rigidity for 
receiving the liquid crystal cell 1 and the circuit 
substrate 2, screws 5 for connecting the upper frame 3 
with the lower frame 4, a rubber member 6 inserted for 
shock proofing between the upper frame 3 and the liquid 
crystal cell 1 and between the lower frame 4 and the 
liquid crystal cell 1, an insulating plate 7 for 
protecting short circuiting between the circuit 
substrate 2 and the lower frame 4 and a backlight 8 for 
illuminating the liquid crystal cell 1. 

Fig. 3 illustrates a process for fabricating the LCD 
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device shown in Fig. 1. In Fig. 3, there is shown a liquid 
crystal cell 1 having been filled with liquid crystal 
and then sealed, a circuit substrate 2 for driving the 
liquid crystal cell, a rigid upper frame 3 for fixing 
the liquid crystal cell 1, a rigid lower frame 4 for 
supporting the liquid crystal cell 1, screws 5 for fixing 
the upper frame 3 with the lower frame 4 together with 
the liquid crystal cell 1 sandwiched there between and 
a backlight 8 for illuminating the liquid crystal cell 
1. Numeral 10 designates an oven for orientation control 
processing for a liquid crystal cell. 

In Fig. 3, there are shown steps of: (a) preparing a 
liquid crystal cell 1 in the finished state, (b) jointing 
a circuit substrate 2 to the liquid crystal cell 1, (c) 
fixing the liquid crystal cell 1 to an upper frame 3 and 
a lower frame 4 and (d) controlling the orientation of 
the liquid crys tal cell 1 for correcting misalignment 
of liquid crystal cells, (e) attaching a backlight 8 to 
a rigid body assembled of the liquid crystal cell 1 and 
the circuit substrate 2, the upper frame 3 and the lower 
frame 4 to complete a liquid crystal display unit. 

This liquid crystal display (LCD) device according 
to the first embodiment is featured by the following: 
Fig. 4 is a sectional view of an electronic device, for 
example, a word processor provided with a LCD device 
fabricated by the above described process. In Fig. 4, 
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the word processor comprises a LCD device 11 of Fig. 1, 
a control portion 12 of the LCD device 11, a control and 
memory portion 13 of the word processor, a power source 
portion 14, an input processing portion 15, a protecting 
window 16 for the LCD device 11, a keyboard 17 of the 
word processor and a housing 18 for protecting a whole 
body of the word processor and fixing the LCD device 11. 

The housing 18 is made of a resilient plastic material, 
which is capable of cushioning statistic mechanical 
external force but is easily elastically def ormable . 
However, the lower frame 4 made of metallic die casting 
can reliably support the LCD device 11 of Fig. 1 which 
can therefore maintain the initial flatness of its 
surface without being deformed against the external 
mechanical load. 

As an external dynamic mechanical load to be applied 
to the LCD device 11 is considered external vibration 
to which the LCD device is subjected for example while 
being transported on a vehicle. The vibration may have 
generally a frequency in a range of 10 to 100 Hz. When 
the vibration acceleration is applied to the housing 18 
of the word processor, the resonance occurs between the 
housing 18 and the lower frame 4. The resonance also 
occurs between the liquid crystal cell 1 and the lower 
frame 4. Since the lower frame is made of metallic die 
cast, a resonant point at which maximum acceleration 
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occurs sufficiently exceeds 100 Hz, thereby resulting 
in damping of the acceleration applied to the liquid 
crystal cell 1 . 

Heat conducting feature is as follows: Fig. 5 shows 
temperature distribution characteristics (a) -(c) for 
products having the upper and lower frames 3, 4 made of 
material having low thermal conductivity. Heat sources 
are: (1) self -heating of the liquid crystal cell 1 when 
it is energized, (2) heating of the driving circuit 
portion and (3) heat from backlight (lamp). The 
self -heating (1) and heating of the driving circuit 
portion (2) cannot be estimated separately. However, 
heating of the driving circuit portion may have the 
maximum effect on the temperature distribution in the 
surface of the liquid crystal cell 1. Temperature of the 
driving circuit portion can arise faster than the surface 
of the liquid crystal cell 1 and therefore a large 
difference of temperatures occurs between them. As the 
result, the liquid crystal cell 1 is unevenly heated to 
be higher on its surface being near the driving circuit 
substrate 2 and lower on its surface being distant from 
the driving circuit substrate 2 as shown in Fig. 5(a). 
The inside of the liquid crystal cell 1 is mainly heated 
by module heat produced by polarizing inverse current 
flowing in an electrode portion inside the liquid crystal 
cell 1. However, this heat is small and evenly 
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distributed within the surface of the liquid crystal cell 
1, so the effect of this heat on the temperature 
distribution within the liquid crystal cell surface is 
negligible. Fig. 5(b) shows the temperature 
distribution (3) within the surface of liquid crystal 
cell heated by heat from the lamp (light source) 43 in 
the backlight 8 . The temperature distribution within the 
surface of the liquid crystal cell 1 is dependent upon 
the location of the lamp 43. Since a large amount of heat 
is radiated from the electrode at the end of the lamp 
(light source) 43, the peripheral surface portion of the 
liquid crystal cell 1 is heated to a higher temperature. 
Fig. 5(c) shows the temperature distribution within the 
surface of the liquid crystal cell 1 heated by all the 
above - described heat sources, where the increased 
temperature distribution can be observed. For this 
reason, the FLC having considerable temperature 
dependency upon the driving conditions (driving 
frequency and voltage) cannot display a uniform image 
on a whole surface of the liquid crystal cell, resulting 
in considerable deterioration of the picture quality. 

The liquid crystal display device shown in Fig. 1 is 
featured by the enclosure of the peripheral portion of 
the liquid crystal 1 with the upper and the lower frames 
3, 4 made of metal having high heat conductivity and/or 
a large heat capacity, thereby the temperature 
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distribution within the liquid crystal cell surface 
largely decreases and the temperature becomes even all 
over the liquid crystal cell surface as shown in Fig. 
5(d) . The LCD device can therefore display a high-quality 
picture . 

Referring to Fig. 3, the process of fabricating the 
first embodiment of LCD device will be described. 

Fig. 6(a) shows a sectional enlarged view of a liquid 
crystal cell. In Fig. 6(a), there is shown a 
ferro - dielectric liquid crystal 21, two glass 
substrates 22 of 1.1 mm in thickness for sandwiching the 
liquid crystal 21 with a gap of 1.4 ^m on each side, 
an ITO (In 2 0 3 -Sn0 2 ) electrode film of about 1500A in 
thickness for driving the liquid crystal 21 and a 
aligning film of about 100A for keeping aligned 
orientation of the liquid crystal 21. 

In the fabricating process of Fig. 3, a liquid crystal 
cell 1 is formed by injecting the liquid crystal 21 
between the glass substrates 22 (Fig. 3(a) ) and a circuit 
substrate 2 is welded to the liquid crystal cell 1 (Fig. 
3(b) ) . In this stage, the liquid crystal 21 of the liquid 
crystal cell 1 exhibits regular layered structure as 
shown in Fig. 6(a). When the liquid crystal cell 1 was 
assembled with the upper and lower frames 3, 4 and fixed 
together with screws 5 as shown in Fig. 3(c) , the liquid 
crystal cell 1 is deformed by the effect of a difference 
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of flatness between the liquid crystal cell and the 
frames and tightening force of the screws. As the result 
of this, layers of the liquid crystal 21 are distorted 
as shown in Fig. 6(b) . The liquid crystal 21 in this state 
cannot regularly move and cannot display a high-quality 
picture. Therefore, the liquid crystal cell according 
to the first embodiment of the present invention is 
assembled into the rigid assembly as shown in Fig. 3(c) 
and then it is heat-treated in an oven 10 as shown in 
Fig. 3(d). As the result of this, the liquid crystal 21 
is realigned into the regular layered structure as shown 
in Fig. 6(c). Now, the liquid crystal cell 21 can be 
regularly controlled to display a high-quality picture. 

The liquid crystal cell in the first embodiment is 
featured further by the arrangement of screws and use 
of rubber member. Fig. 7 is a plan view of the liquid 
crystal display device according to the first embodiment 
Components similar to those of Fig. 1 are given the same 
numerals. Namely, a liquid crystal cell 1 is inserted 
with a rubber member 6 by one on both sides thereof 
between an upper frame 3 and a lower frame 4 and fixed 
with plural screws 5. Numeral 1 designates a liquid 
crystal display panel (liquid crystal cell) for 
displaying a picture. Numeral 6 denotes a rubber member 
having a flat sheet shape is arranged by one on both sides 
of the liquid crystal display panel to absorb a shock 
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to be possibly applied through the upper and lower frames 
3, 4 to the liquid crystal cell 1. 
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